The Mauritius Child Health Project is a prospective longitudinal study of child health and development based on a 1969 birth cohort of 1795 children. Originally set up by Professors P.V., S.M. and Fini Schulsinger in 1972, it has its conceptual origins in the successful High-Risk for Schizophrenia Project initiated in Denmark. 1 Following the success of this project, the World Health Organization (WHO) Scientific Group on Neurophysiological Research in Psychiatry 2 met in 1967 to assess whether neurophysiological methods could be applied to further highrisk studies. The WHO Group outlined the advantages of examining high-risk individuals early in childhood prior to the onset of clinical disorders, and recommended early experimental interventions to alter neurophysiological risk factors for psychopathology. The importance of malnutrition as well as poverty as stressors was highlighted, together with the potential benefits of enhancing educational and health services in a developing country.
The recommendations of the Scientific Group's 1968 report that formed the basis for the Mauritius study were: (i) conduct the study in a developing country; (ii) investigate 3-year-old children; (iii) establish nursery schools as settings for the study; and (iv) use psychophysiological methods to identify children at risk. The initial aim of the study, which would distinguish it from other high-risk studies, was to investigate the possibility of primary prevention of psychopathology by random assignment of 100 children to an environmental enrichment set up in nursery schools, involving better nutrition, more physical exercise and cognitive stimulation.
3 P.V. has been the Principal Investigator (PI) of the project from 1972 to 1987, whereas A.R. has been PI from 1987 to the present date.
Where is Mauritius?
Mauritius is a small tropical island in the Indian Ocean just inside the tropic of Capricorn, lying to the east of Madagascar (Figure 1a ). It extends 38 miles (61 km) from north to south and 29 miles (47 km) from east to west (Figure 1b) . Part of the African sub-continent, it is a multi-racial democratic nation that gained independence from British rule in 1968, becoming a Republic in 1992. With a population of 1,284,264 as of July 2009, it is the third most densely populated country in the world.
Why Mauritius?
The project was initiated in Mauritius because Dr Raman, who was the Medical Director of Brown Sequard Hospital in Mauritius, suggested to the WHO that Mauritius would be a suitable location for their recommended study. The WHO report 2 (pp. 33) had initially targeted India as a possible site, but Raman successfully argued for the geographical advantage of Mauritius based on the island's small size and low emigration, permitting subjects to be contacted more readily than in India.
How was it funded?
The initial priming grant ($4000) for a feasibility study was made by WHO in August 1969, based on the recommendations of the Scientific Group on Neurophysiological Research in Psychiatry. 2 In April 1970, the Danish State Department for Technical Collaboration with Developing Counties awarded a grant to establish and run the two nursery schools where the environmental enrichment prevention programme would take place. In 1971, the British Medical Research Council (MRC) awarded additional funding to the project to allow psychophysiological examination of 1,795 3-year-old children. Since then the project has been funded by the Government of Mauritius, the Danish International Aid Organization (DANIDA), the MRC (UK), the Wellcome Trust (UK), the Leverhulme Trust (UK), the Mental Health Foundation (UK), the Ford Foundation (USA), the Scottish Rite (USA), the National Institute of Mental Health (NIMH; USA), the National Institute of Alcohol and Alcohol Abuse (NIAAA; USA), and most recently the National Institute of Child Health and Development (NICHD; USA).
What does the study cover?
This longitudinal study covers early child health and development and the identification of early risk factors for later psychopathology, as well as early primary prevention. Because the initial sample recruited all children born in two towns on the island (see below), this community birth cohort has the ultimate potential to cover a wide range of outcomes. In the past two decades the study has focused on outcomes for antisocial/violent behaviour and schizotypal personality, using early psychophysiological, temperamental, health and cognitive predictors. Outcome data are also available on alcoholism, depression, anxiety and personality disorders for future analyses. Early factors that shape later cognitive functioning as well as developmental processes in psychophysiological functioning have been a secondary focus. More recently, the study has additionally covered positive outcomes in life, including curiosity, exploration, achievement and happiness. A randomized controlled trial of the effects of omega-3 fatty acids in reducing childhood behaviour problems and improving cognitive ability in the offspring of the original birth cohort is currently underway.
Who are in the sample?
The original birth cohort consists of 1,795 3-year-old children drawn from polio vaccination records, making up almost the entire population of children born in 1969 in two major towns in a densely populated part of the mid-west of the island (Quatre Bornes and Vacoas; Figure 1b ). These towns were chosen due to their central locality to the research laboratory in Quatre Bornes, and because they contained a racial mix very similar to the racial distribution of the island as a whole. 4 School-life expectancy (primary to tertiary education) is 14 years, with a secondary school enrollment ratio of 64.2% (72). 5 At the time of the study's inception there were no government preschools on the island. One lasting infrastructure contribution made by the Mauritius Child Health Project, embodied in the 1984 PreSchool Trust Fund Act, has been the establishment of Government preschools based on the two model nursery schools set up by the project in 1972. 6 Currently, 183 such schools are running in five educational zones in Mauritius.
How often have they been followed up?
The main birth cohort of 1,795 3-year-old children (G2) have been followed up at ages 8, 11, 17, 23, 28 and 35 years, with a current follow-up at age 40 years. Pregnancy and birth complications data were also collected on this cohort from hospital records.
A total of 200 G2 children were more intensively studied-the 100 who were placed into an environmental enrichment and 100 matched controls. These children were reassessed at ages 4, 5, 6 and 8 years on psychophysiological functioning, height and weight.
The parents (G1) were originally assessed on psychosocial variables when the study began in 1972 and have been followed up when the G2 children were aged 28 years. The G3 offspring of the original G2 birth cohort have been assessed at ages 3-6 and 7-11 years on a wide range of functioning. Some of these G3 children, as well as others not previously tested, are currently involved in an intervention study.
What has been measured?
The study involves three generations of subjects. Relatively little data have been collected on the original G1 parents of the main birth cohort, whereas much more extensive longitudinal data have been collected on the G2 birth cohort itself. Data have been collected on some of the G3 offspring of the birth cohort.
Parents of the birth cohort (G1)
This first generation was interviewed in 1972 when their children (G2) were aged 3 years. Social workers visited the homes of all G1 parents to obtain detailed assessments of home circumstances and demographic information. When their offspring (G2) were aged 28 years, they were interviewed using the Family History-Research Diagnostic Criteria 7 to assess psychiatric disorders in the G1 parents, allowing for assessment of the intergenerational transmission of psychiatric disorder.
The birth cohort (G2) The 1,795 male and female birth cohort was assessed on a wide range of psychophysiological, cognitive, temperamental, behavioural, nutritional, health and psychosocial measures when aged 3 years. Extensive autonomic assessments (skin conductance and heart rate) of arousal, orienting and fear conditioning were conducted. 8 Cognitive functioning and intelligence were assessed using the Boehm Test of Basic Concepts. 9 Inhibited and disinhibited temperament styles were assessed from observations of the children in the laboratory with their mother and other children, 10 as well as fearlessness and stimulation seeking. 11 Paediatricians conducted a physical assessment of all children to assess for the seven signs of malnutrition, while blood samples were taken to assess haemoglobin levels. 12 At this time, birth record information was also coded from hospital records to assess birth complications. 13 Exposure to the 1969 Hong Kong influenza epidemic was also retrospectively assessed in the G1 mothers when pregnant with their G2 offspring in the second and third trimesters of pregnancy.
14 From age 3 to 8 years, 200 of the children (100 in the environmental enrichment group and 100 controls) were retested on autonomic functioning every year, using the same paradigm employed at age 3 years, to assess for developmental trajectories of basic information-processing ability, including orienting, habituation and classical conditioning. 15 At age 8 years, 1,299 of the original children were rated by their teachers on a checklist for behaviour problems, including antisocial behaviour, aggression, hyperactivity and anxiety. 16, 17 Psychosocial and demographic data were collected, while height, weight and chest measurements were collected from school medical examinations.
At age 11 years, a major psychophysiological retest was conducted. In addition to repeating the autonomic data collected at age 3 years, additional data were collected on smooth-pursuit eye movements and also electroencephalogram (EEG) and event-related potentials, both at rest and during a continuous performance task. 18 Cognitive functioning was assessed using the wechsler scale for children [Wechsler Intelligence Scale for Children (WISC)] and the trail-making test. 19 Social workers visited the homes of the parents to collect detailed information on demographics, living conditions and siblings. During this visit parents completed the Child Behavior Checklist (CBCL), 20 measuring childhood internalizing and externalizing behaviour problems.
At age 17 years, the sample was assessed on the Revised Behaviour Problem Checklist, 21 assessing conduct disorder, socialized aggression, attention problems, motor excess, anxiety/withdrawal and psychotic behaviour, together with a measure of schizotypal personality. 22 A computerized neuropsychological tests battery was also administered, 23 including the continuous performance task, 24 span of apprehension, 25 mazes and reaction-time measures. At age 23 years, assessments were made on selfreport crime, 3 depression using the Beck Depression Inventory, 26 schizotypal personality using the schizotypal personality questionnaire (SPQ), 27 alcohol use using the Michigan Alcohol Screening Test 28 (MAST), head injury and handedness. All district courts on the islands were searched to track official crime records on the 1,795 participants.
At age 28 years, diagnostic interviews were conducted using SCID I and II (structured clinical interview for axis I and II DSM-IV disorders) to access all axis I and II disorders. Other measures included the stimulant and sedative effects of alcohol, child abuse, handedness and demographic information.
At age 35 years, the new intergenerational phase of the study on G3 (see below) also involved the original cohort of G2 parents. Parents were assessed on parenting skills (see below), daily hassles and uplifts, major life events, suicide ideation, spouse abuse, neighbourhood social cohesion, state and trait anxiety, impulsivity, stimulation seeking, positive and negative affect, a 7-day log of sleep and consumption of alcohol, caffeine, cigarettes and drugs, history of head injury, adult attention deficit hyperactivity disorder (ADHD), and adult attachment and happiness, both across the life-span and also in different social contexts.
At age 40 years, participants are currently engaged in another self-report test wave that repeats some of the negative outcome measures previously obtained, covering reactive and proactive aggression (reactiveproactive questionnaire; RPQ), 29 schizotypal personality (SPQ-B), 30 psychopathic personality (PSI), 31 self-report crime, spouse and child abuse (conflict tactics scale; CTS), 32 adult ADHD, alcohol use (Alcohol Use Disorders Scale; AUDIT), 33 state-trait anxiety (STAI) 34 and depression (Beck Depression Inventory, Beck). 26 In addition, positive psychology measures are being taken in order to both assess early life factors that shape positive outcome, and also to assess how they may act as protective factors against negative adult outcome. Measures include achievement, interest and effort, 35 life satisfaction, happiness, curiosity and exploration, hope, inspiration, personal growth and income. Basic demographic measures covering income and occupation are also derived.
Offspring of the birth cohort (G3)
The new G3 offspring of the original cohort have been assessed at age 3-4 years, the same age that their parents had been originally tested in the same laboratory 30 years earlier. The same autonomic arousal, orienting and habituation measures that had been originally assessed on the parents were included, together with new measures of vagal tone, EEG, event-related potentials and startle blink. New psychophysiological paradigms were added to induce emotions of empathy, fear, reward expectancy and frustration. Comprehensive behavioural test batteries in the laboratory setting included seven measures of inhibitory control and rule-breaking behaviour. 36, 37 Observational measures were also made of the children interacting with their caregiver in 10 different contexts to derive measures of parenting skills and also children's reactivity to parenting. 38, 39 Parents also completed measures of child behaviour problems [Child Behavior Checklist(CBC)], 10 dimensions of conscience, 40 15 dimensions of temperament, 41 parenting hassles and child-rearing agreements. 42 Intelligence was assessed using the (Wechsler Preschool and Primary Scale of IntelligenceRevised). Research assistants visited the mother and child at their homes and completed the Home Observation for Measurement of the Environment, which assesses eight dimensions of the quality of the child's home environment, 43 together with detailed demographic and psychosocial adversity measures.
At age 7-11 years, another G3 test phase was introduced, which included both older G3 children of the original G2 birth cohort, as well as a retest of some of the G3 children already assessed at age 3 years. Psychophysiological testing was repeated. Parents also completed a demographic interview. Neuropsychological testing was conducted, covering the areas of executive functioning, memory, verbal fluency, colour trails and visuo-spatial functions. Intelligence was also assessed using the WISC-III. Parents again completed the CBC, together with the RPQ. 29 
What is the attrition?
The original sample consists of 1,795 3-year olds, with data very largely complete on all measures. Sample sizes in later phases are as follows: age 8 years (1,299), age 11 years (1,217), age 17 years (615), age 23 years (1,264-1,795), age 28 years (1,023), age 35 years (652) and age 40 years (763; ongoing). Attrition at age 11 years was due to the fact that a major cyclone brought the testing to a halt after twothirds of the sample had been tested. Attrition at ages 8 and 17 years was due to both lack of financial resources and also at age 8 years to the difficulty in accessing teachers to rate the children. Attrition at later ages (523 years) was due predominantly to lack of funding, subject refusals and inability to locate some participants, as well as loss due to study abroad and emigration. Nevertheless, those tested have not been found to differ from those not tested on gender, ethnicity, IQ, social/demographic factors, antisocial behaviour, temperament, autonomic functioning and body size. 11, 12, 17, 44, 45 . One analysis did find an over-representation of Indians and males in the tested group compared to the nontested group, but neither variable was found to act as a mediator or confounder. 46 
What has been found? Key findings and publications
To date there have been 63 journal articles and book chapters published on the Mauritius project, focusing on the development of psychopathology, including externalizing behaviour problems (conduct disorder, aggression, psychopathy and crime) and schizotypal personality. Use has also been made of the data to examine more basic science questions, including the development of intelligence, temperament and autonomic measures of basic information-processing. Table 1 lists selected journal article publications dealing with developmental issues, classified by 'predictor' variables and 'outcome' variables, together with a brief summary of the main findings. We highlight below a few of the study's main findings to date.
Early prevention of child and adulthood psychopathology
The study has shown that early environmental enrichment in the preschool years both reduces adult psychopathology and also improves brain functioning. Using a stratified, randomized design, we demonstrated that children who received a nutritional, educational and physical exercise enrichment at ages 3-5 years showed reduced conduct disorder at age 17 years and reduced criminal offending at age 23 years. 3 The beneficial effects of the intervention tended to be greater for children who had poor nutrition at age 3 years, particularly with respect to conduct disorder at age 17 years. Taking into account early nutritional status, the enrichment resulted in a 53% reduction in conduct disorder (age 17 years), a 41% reduction in hyperactivity (age 17 years), a 34.6% reduction in selfreport crime (age 23 years) and a 63.6% reduction in official crime (age 23 years). The moderating effect of early nutritional status suggests (but does not prove) that better nutrition was an active ingredient of the prevention programme. The prevention programme also reduced schizotypal personality at age 17 years, particularly in the malnourished group who showed a 43.2% reduction in psychotic behaviour at age 17 years, a 32.4% reduction in cognitive disorganization, together with a 23.0% reduction in schizotypal personality at age 23 years. 53 Heart rate, skin conductance Reduced heart rate and skin conductance at age 3 years characterizes behaviourally disinhibited children Experimental enhancement of early environment Better nutrition, more physical exercise and more cognitive stimulation at age 3-5 years increases autonomic and central nervous system arousal and orienting at age 11 years
The facts that the prevention programme reduced crime in a period extending over 20 years and using two different measures of outcome (self-report and objective measures) indicates the robustness of the effects. Results could not be attributed to preprevention group differences in temperament, cognitive ability, nutritional status, autonomic reactivity or demographic variables. 3 This programme constituted the first attempt at primary prevention of schizotypal personality, a forerunner of schizophrenia, and one of the very few studies to show that prevention efforts in the preschool years can reduce adult crime. Findings have potential public health implications for the prevention of crime and violence, particularly in underserved populations at risk for poor nutrition.
Early health risk factors for childhood and adulthood psychopathology
We have observed significant effects of early nutritional status on later psychopathology. Preschool children at age 3 years who showed signs of protein deficiency, riboflavin deficiency and iron deficiency, showed increased externalizing behaviour (antisocial, aggressive, hyperactive, attention problems) at ages 8, 11 and 17 years. A dose-response relationship was shown between the degree of malnutrition and degree of externalizing behaviour at ages 8 and 17 years. 46 Malnutrition at this age was also found to result in poorer cognitive functioning at ages 3 and 11 years, 12 and low IQ was found to moderate the malnutrition-antisocial behaviour relationship. These are the first findings to show prospectively that malnutrition assessed in the early postnatal years is associated with externalizing behaviour problems from childhood to late adolescence and also to show the mediating effects of cognitive ability. Findings in turn have potential nutritional implications for public health attempts to prevent the occurrence of externalizing behaviour problems in children and adolescents, particularly since poor nutrition mediated outcome findings in the prevention programme.
Obstetric risk factors for child behaviour problems have also been observed. Babies with birth complications are more likely to develop externalizing behaviour problems at age 11 years. 46 Low IQ was associated with birth complications and was found to mediate the link between early predictors and later externalizing behaviour. This is the first large prospective longitudinal study to show a direct effect of birth complications on later childhood externalizing behaviour, and the first to show the mediating effect of low IQ on this relationship.
By chance, some of the participants in the study were in utero at the time of the 1968-72 Hong Kong/ A2 influenza virus epidemic that reached Mauritius in January 1970.
14 Because maternal exposure to the influenza virus has been associated with the development of schizophrenia in the offspring, use was made Prenatal influenza exposure Prenatal influenza exposure increases the risk of delivery complications COHORT PROFILE: THE MAURITIUS CHILD HEALTH PROJECT of this natural experiment to assess associations between influenza exposure and schizotypal personality. It was shown that those children whose mothers were exposed to the virus in the second or third trimester of pregnancy had elevated schizotypal personality at age 17 years, 14 as well as increased electrodermal orienting at age 3 years. 47 Early psychophysiological risk factors for childhood and adulthood psychopathology We have been finding autonomic nervous system (ANS) risk factors for later child and adult psychopathology as early as age 3 years. Children with low resting heart rates at age 3 years were more aggressive at age 11 years, independent of possible confounders such as body size, health and socio-economic conditions. 44 Low resting heart rate has become the best-replicated biological risk factor for antisocial behaviour in children and adolescents, 48 and is unusual in that it is diagnostically specific-no other form of psychopathology has been associated with low resting heart rate.
More recently, we have demonstrated that poor autonomic fear conditioning at age 3 years is associated with criminal offending 20 years later at age 23 years. 49 This is the first longitudinal study to demonstrate an early deficit in autonomic fear conditioning as a predisposition to adult criminality. Findings implicate amygdala and ventral prefrontal dysfunction and a lack of fear to socializing punishments in preschool children who grow up to become criminals, and give rise to a neurodevelopmental theory of crime causation.
Schizotypal personality has also been found to have early psychophysiological underpinnings. Individuals who were persistently schizotypal at both ages 17 and 23 years were found to have increased electrodermal arousal and orienting at both ages 3 and 11 years, as well as reduced slow-wave EEG [i.e. increased Central Nervous System (CNS) arousal] at age 11 years. 50 The fact that increased arousal and orienting are found in schizotypal individuals across two early ages and across different psychophysiological measures attests to the robustness of the findings.
Early influences on later cognitive functioning Although the cohort study has focused on psychopathology, early temperamental, health and environmental influences have also been found for later cognitive functioning. Children who were stimulation seekers at age 3 years as measured through laboratory behavioural tests scored 12 points higher on total IQ at age 11 years, and also performed better on standardized educational tests at age 11 years. 11 Findings are the first to show a prospective link between stimulation seeking and intelligence and suggest that young stimulation seekers create for themselves an enriched environment that stimulates cognitive development. We also observed that children with poor nutrition at age 3 years had lower IQ at age 11 years, together with poorer neuropsychological functioning and poorer school performance. 12 Children with three indicators of poor nutrition showed a 15.3-point reduction in IQ at age 11 years. These results remained after controlling for multiple indicators of psychosocial adversity. Findings indicate that early child malnutrition is a risk factor for later cognitive impairments and that from a paediatric standpoint improving nutrition could enhance children's longterm cognitive development.
The early environmental enrichment that reduced adult psychopathology also produced long-term improvements in brain functioning and informationprocessing. Children who experienced the environmental enrichment at age 3 years showed more alert and aroused EEGs at age 11 years, both at rest and also during performance of a sustained attention task. 18 They also showed larger skin conductance responses to orienting stimuli, an indicator of greater allocation of attentional resources to processing environmental stimuli. This is believed to be the first study to show that early environmental enrichment is associated with long-term increases in psychophysiological orienting and arousal in humans.
What are the main strengths and weaknesses?
The Mauritius Child Health Project is a unique birth cohort that incorporates three generations of longitudinal data. The prospective longitudinal design, large sample size, equal representation of males and females and ethnic diversity are all methodological strengths. The fact that data collection spans 37 years, with follow-up from age 3 (as well as birth) to age 40 years is unusual. The small size of the island, the location of research facilities in Quatre Borne in the centre of the island and low emigration rate facilitates subject tracking for multi-wave data collection and future follow-ups. It is also the largest and most comprehensive prospective longitudinal study on ANS and CNS psychophysiological measures in the world. To our knowledge, it is probably the largest, most comprehensive and longest-running longitudinal study on child health and development from Africa.
The strong methodological design has resulted in several first findings: (i) the demonstration that an experimental environmental enrichment in young children improves brain and autonomic functioning 8 years later; 18 (ii) the finding that this early prevention programme reduces schizotypal personality (as well as crime) in adulthood; 3 (iii) the first longitudinal study showing sustained effects of early malnutrition on externalizing behaviour throughout childhood and adolescence; 46 (iv) the linking of prenatal influenza exposure to teenage schizotypal personality; 14 (v) the first establishment of poor fear conditioning in childhood as a risk factor to adult crime; 49 and (vi) the first to document the development trajectory of psychophysiological information-processing in early childhood. 45, 51 These strengths should be balanced with several limitations. First, as with many longitudinal studies, there is attrition in later data collection phases, although we are still able to recruit relatively large numbers that give sufficient power for statistical analyses, with little evidence of selection bias. Secondly, do findings from Mauritius in Africa generalize to other African and Western countries? Perhaps surprisingly, to date we find that with very few exceptions results from Mauritius parallel those from Western countries in terms of risk factors for antisocial behaviour, 44 psychopathy, 52 schizotypal personality, 50 nutrition, 46 temperament, 11, 53 intelligence, 54, 55 fear conditioning, 51 psychophysiology 8 and personality. 56 These findings indicate cross-cultural generalizability of prior Western findings, and also show that theoretical conceptualizations of the aetiology of psychopathology from the West find substantiation in Mauritius. A third limitation is that, as with all lengthy longitudinal studies, there is a question of whether findings from a prior generation apply to today's research participants, although to date we have found theoretical commonalities in findings from the Mauritius cohort to current-day populations.
Can I get access to the data? Where can I find out more?
